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clearance initially accelerated and then slowly returned to initial rates following priming with 30 mM K + -induced depolarization. Treatment with 10 µM calpeptin, an inhibitor of the Ca 2+ activated protease calpain, prevented the slowing of kinetics observed following treatment with NMDA, but had no affect on the recovery kinetics of control cells.
Calpeptin also blocked the rapid acceleration of Ca 2+ clearance following depolarization.
In calpeptin-treated cells, 0.1 mM Mg 2+ induced a graded acceleration of Ca 2+ clearance.
Thus, in spite of producing comparable increases in [Ca 2+ ] i , activation of NMDA receptors, depolarization-induced activation of voltage-gated Ca 2+ channels and
Introduction
The plasma membrane Ca 2+ ATPase (PMCA) is an integral part of the Ca 2+ regulatory system in neurons (Thayer et al. 2002) and plays a prominent role in returning [Ca 2+ ] i to basal levels following moderate stimuli (Benham et al. 1992; Werth et al. 1996) . These Ca 2+ pumps hydrolyze ATP to enable the translocation of Ca 2+ up the steep gradient across the plasma membrane (Carafoli and Brini 2000) . PMCA diversity results from the alternative splicing of 4 primary transcripts (Strehler and Zacharias 2001) to produce various pump isoforms differing in their distribution within the brain (Stauffer et al. 1995) , subcellular localization (DeMarco and Strehler 2001), activity (Enyedi et al. 1994) and modulation (Enyedi et al. 1996; Usachev et al. 2002) . Plasma membrane Ca 2+ pumps regulate a variety of Ca 2+ signaling processes including neurotransmitter release (Empson et al. 2007; Zenisek and Matthews 2000) and excitability (Usachev et al. 2002) . Changes in PMCA function accompany aging (Murchison and Griffith 1998), free radical damage (Zaidi et al. 2003) and excitotoxicity (Pottorf et al. 2006 were dissociated by trituration through a 5 ml pipette and a series of flame-narrowed Pasteur pipettes. Cells were pelleted and re-suspended in Dulbecco's Modified Eagle's Medium (DMEM) without glutamine, supplemented with 10% fetal bovine serum and penicillin/streptomycin (100 U/ml and 100 µg/ml, respectively). Dissociated cells then were plated at a density of 10,000-15,000 cells/well onto 25-mm-round cover glasses that had been coated with poly-D-lysine (0.1 mg/ml) and washed with H 2 O. Neurons were grown in a humidified atmosphere of 10% CO 2 and 90% air (pH 7.4) at 37 °C, and fed at JN-90774-2008 5 days 1 and 6 by exchange of 75% of the media with DMEM supplemented with 10% horse serum and penicillin/streptomycin. Cells used in these experiments were cultured without mitotic inhibitors for a minimum of 10 days and a maximum of 15 days.
Microfluorometric recording of [Ca

2+
] i . [Ca 2+ ] i was recorded from cultured rat hippocampal neurons using indo-1-based microfluorometry (Grynkiewicz et al. 1985) .
Cells were loaded with 2 µM indo-1 acetoxymethyl ester (AM) in HHSS containing 0.5% bovine serum albumin at 37°C for 30 min. Cells were rinsed in HHSS and the indicator allowed to de-esterify for 10 min prior to starting the experiment. Coverslips with loaded, washed cells were mounted in a flow-through chamber (10 s solution exchange) equipped with platinum electrodes (Thayer et al. 1988) . The chamber was mounted on an inverted epi-fluorescence microscope, and cells localized by phase-contrast illumination with a 70x objective (NA 1.15). Action potentials were evoked by electric field stimulation as described previously (Piser et al. 1994 ] o ) was reduced from 0.9 to 0.1 mM. ] i clearance ( Fig.1 C) .
In control recordings, no stimulus was applied during the priming period ( Fig ] i recovery kinetics were stable for the duration of the experiment.
Stimulus-induced changes in PMCA recovery kinetics
Treating hippocampal neurons with 0.1 mM [Mg 2+ ] o as described in Figure 1 induced an intense pattern of excitatory synaptic activity that results in a series of ] i increase that peaked at 777 ± 208 nM and declined to 337 ± 113 nM by the end of the 10 min priming stimulus (Fig. 4A ). This stimulus produced a graded slowing in PMCA-mediated recovery kinetics (Fig. 4B, E) . τ increased at a rate of 0.007 min -1 and was significantly greater than control cells (p<0.01). In contrast, NMDA did not significantly affect PMCA function in the presence of calpeptin ( Fig. 4D and E ] i that peaked at 1463 ± 532 nM (Fig. 5A) . In contrast to the other stimuli examined here, activation of VGCCs produced a rapid acceleration of Ca 2+ clearance that gradually returned to the original rate ( Fig. 5B and E) .
The y-intercept extrapolated from the data in Fig. 5E ] i clearance is provided by the y-intercept (Fig. 6c ).
All three stimuli produced a graded slowing in PMCA function (Fig. 6B) Because the rate of PMCA inactivation following all three stimuli was similar (no statistical difference between the slopes in figure 6B ), it seems implausible that the inactivation mechanism is more rapid following NMDA receptor activation. Perhaps the C-terminal calpain cleavage site is less accessible to calpain activated by NMDA -induced auto-phosphorylation is known to produce sustained kinase activity in neurons (Lisman et al. 2002) . Whatever the mechanism, it appears that Ca 2+ influx via VGCCs is able to stimulate PMCA activity but not Ca Identifying these conditions and the mechanism are interesting future directions. channels (Sattler et al. 1999; Weick et al. 2003) . We speculate that localization of PMCAs to specific Ca 2+ microdomains enables selective modulation of Ca 2+ pumps to serve local needs.
Conclusion
The principal finding from this study is that the mechanism of Ca Error bars indicate ± SEM.
